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Fig. 3

7 [tk sokkskokskok sekskokokkok ok doksok ikl dek ok ok ok sk ok

// Input output
[ [skfekiookkskkdoioorkskekeoiorkkekaoolsiok sk ek ek kekkoioksk sk deiolorskek

j“ input clk
_ input  [3:0]  x ;
301 input  (3:0] vy ;

l‘ output [5:0] =z It

[ [ fksrsikkskskdokskkokoioiokiok ookl kololobsefolefolorskkdokskskolek ook ok

// body
/[ foteokdokookskok ok koot sk kakak sk s sk o stk skt sk tolokak stk otk s skakokok sk

/ reg [3:0] x_ It ;
reg L3:0] vy It ;

always @ (posedge clk) begin
302 4 «_1£[3:0] <= x[3:0]:

y_1t[3:0] <= y[3:0];

| 1 1 i

. end

- wire [b:0] z ;
303 assign z[6:0] = x_1t{3:0] * y_{t{3:0] :

N

reg [5:0] 2z It

304 { always @ (posedge clk) begin
7 1t[5:0] <= z[5:0];

\. end




US 8,656,337 B2

Sheet 4 of 9

Feb. 18, 2014

Fig. 4(a)

U.S. Patent

.-I
hd
H

rﬁ. .
Rt
A
Wala
Lo

)
~

"

- W
2R

i

!

3

A

s
e

.'&'ﬁ'ﬁ‘h\-'ﬁ‘h\-'ﬁ‘h'ﬁ'ﬁ‘h' '
LN -

T H e SOGLCR FF

.
3
L]
L

)

T H

L

L]

L R
L

by .
‘ .

F,
P X
L

TN

':...‘d:. "

L
L

™
b

LI
y
T
-

K

L

“

AF

Ty e

W
NHRR

Fig. 4(b)

LA
H.. ’
F AN

._,&
e

oy

- . .-'
e

<

.
e

"‘ '-\ﬁ‘h‘u'ﬁ‘h'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'

3L
it % F8 G

F 1

r ;
G

h hl'l - -

5

&3

"
¢$};J
W

L] l'-'q,"

n .“3

a e
2 i ofe

+ e 1

L&

.h.-\.tll
*

3 3:.5 }:L %11111111111*$G£3$h{:& FF

"-

XX

¥

awn

Ty
]

!‘
'
v
L

LI

N

p_ EETN

-r L
-
e

=

A

. iy ey -
VTR
SR S

L}

N

n

s

X,

AN

ot

O

¥
:‘1‘

A W

i3 3

" T



US 8,656,337 B2

Sheet S of 9

Feb. 18, 2014

U.S. Patent

Fig.5

gt

™
e

I{
by

3 e

L .w.,;;;\.
. <

]

1."
b

h |

-‘-x" v, .
"X

oy
M

1

l_‘..h...,‘--r--r--r-'-r--r--r--- ey
-

0%

¥
NN o

b - L] o
.'..;.._ - “1‘1-.1"-.‘..‘.“1‘_1-;‘:-‘: -ﬁ *h_
E'-‘ - ;-s

L T, !
%
.‘:_.

NN

*
kN

o SANR

s

=
L

2

o ;E'
~ -

-
L]
.

N

LT

L
"

Ny
Rath

4=
K

?‘h‘; e e i ﬁﬁ.—
.-

"]
" .
"aw

el .

1A

[ 1
h.

*H

»
b

g

el
<3

R AT L A TR A N

.ix;

i L L N L U

N RN

s

A A

R T

L T LR

e ,.mﬂm
IR
. R
xﬁ ; e
o

r=
walan
2
PR
=Ty
55

-
Y, -

.- -

3

S
rad e T

.
R
"

ERE

“a

.
w

W3

SR
RE

Car

LT Y W

"

"

o o
u_._‘__,(-u_ oy
AT b
5 G

B L

N A

A W Wt W

LR L SR N

-
T

e T R

N

L e I U i

- =
T

A

R T A

T

. w e e

-

T

LM T

A

St e

o -
[
.._...q..' .ﬂ.--..-...‘___ L".__.q........u.-_r ¥ r h....-..
,.._.4. ..._... .__~.-.. .Rt. ..._.,.L
" L] " . ™ A L. ...l.
frr n....._.x LM ..-t.__,_.___. .___......_.._.._h
"l - I '
fog G0 W e 4
A/ B I OO A eg
SRS A G AT R
e
v, TP
._.-.“...i..r. _ﬂ..‘.___-.
.._ﬁ-.. _.I..l.l.
L
W\._...“. o .____ﬁ.
uh wos
e dep N
W
T ek
] ‘ ‘l. Il-. . -
B L% ,,__.H._“
O 2 ,__\..,__.H
. F L i
Bt _____u..____. .__..___.M
1 x.-._-..wn..u._.__. : _n._.n.. b
AR S
T e ki, ot
{‘ - d - - - - \t.—.
BICR N ST B
.t.h".. _-_- h vl.
L g , -
L) r - - I‘ d
B IR Lo
R TGty rert
AR
fea SN A A
L] o r - "
e Y ghr b
. - L .I.__-.l ! .
T 2 s res 4 _...___T
D5 Tl
‘lh“-_ .W._.l_.”“-.. -.. i_ t'l-_ ’
i A
L RE ke L e
ol dep
ot et .-_.-.l.
e el R LA
L I nﬁ.-,.__.,._.u A I,
n‘ » n H n
v’ et L M H_N“.Hh
r .o | - a A
SR A _.E.h ..._n. el
[ 3

b

iy
RO ¥ g
e N
' L -
|.-._.|.i .l_-_-.l._-_ -.l.__...
AR SV A
AT p Ay
Aenty s g
o S
frrs’ Sers ”m._-*_...
g i v
i wE Wil
124 275 o
AN Y RN
ﬁnn P
Lol T
wae Ban ey
Ats .“.._.u..t." S
e rm.“. Loy
r L] .
_.n&. ~ v \nh
Cu'w! L] 3
CAR LY.
o e, o,
s W T
g wEE,  mEs
.n,._....__.__ “_._.h_.____ Y
Ko, tug, T
i .._..l .‘.\. .-__-_.-.‘..Ht . .l.l.-...l-t..”!
PO ] .
N
. e - .
ey
e Aler nu.._._.._"_
75 2
oo
R -
T T '
P A
we's el s
- el -y
% w7
o A <o S <

vl s

'y iy
~ v e
ey Pl
.__.1__-__\ ..ﬂ_..-._.._.._._.._

T
i e,
u.._..._.__....._.._ .ﬂ...._._".....
My Fa
o, "
Lt e
LS
L
Gk
: T
ks
“_.-.-_._.-.._
PR,
X
"
\\Q}
et
o
e
oo
ol
Ca g
VE e
T
R -,l__.t.-.
Y
'l ‘e
_._______..._..h__“ -
Gk At
”..._.\.,.._ A\..-u-...
% 3
._._.,._._____ .____..U_H
Ty AR
ﬁhﬂu‘. ”_“.h]l.l
. .L_.)-J_.
s
£ o
25
Sl g
Pt
ded e,
ros 155
)
. e
e v

g (£

o B 2a i oae

:
W

L ]
=
w2

"y )
e
)
| |
,

’ VN R
e R
A A |
£o% Dare 4ud

_..M.w b 4o
LY VIR
“.. o A, ".__“
] h lﬁ‘. |‘.
Yt PEy
AN M ¢
P AR
e R R e
P ay ) e
F u . [ ..‘_. “
L b e L
e :
et %
I | - -_ - F ]
M..A. m ..u.m”_“mnq_.
sl gl g

.
5{.': i

PR

L

> ¢



US 8,656,337 B2

Sheet 6 of 9

Feb. 18, 2014

U.S. Patent

9 ‘b1

£
o

; !
j /
: : xx..h..l
PR Y e T AR AR) ~ - < . . g £ . my d T “ PR “____ - a e ;o — A sy .__._..n.__.u.._.m.i...._. - 1_-_,_..

ORUS U MASIVINIGOOSTE vL LEUD LCOU BBED | QUM CRIG DODD 405 T S —

LT LA — oy ; " ey “ N ' e B : YL ANAYS ! + ¥ ~n P -..._q Ao ‘._...._.. _ R A ke A Y
G O HIZEYIKUDRNGTY ¢ 4000 DOUD G900 GIZU- eDBDD (L0 NS M LYY L
e oy MAZIVVASOEY b SODD G000 SEUD | B9T0- | 1600 DM A0SR 4 e 2 (R pa—

A L W N S g - 'y . v : Yy Wag e ‘ - e 'y e oy wy i e e n a ‘g " o
Kx. mx.o. ‘,.,.w..& ﬁh.mﬁw v@.wxn .w.ﬂ._.,h.ﬁmm. SO N1 NLP\.“\ w...w‘....‘w_.ﬁ._. m..w.ﬁﬂh ﬁ“ﬂ.ﬁ.\ Lo ..ﬂ.....w..ww..__ 7% u.\.“m&ﬂw Mm:m :..,uh 3 _.\.:T .&.WT “hw. o reccecrcaces
maﬁh “... BE A R Y S ANAR AV AT NS S LR COU0 B 80001 210 DRED TWRANDNR g W luwoel s e R s
B G e R HLELYEAHO & b P BUND LU | AEZG- | ODDUD GIPT CWNIISH  BALELY W U G
BERIE L A RN LY MLV XA YOO GO SSRD  BUE0- 0 2RI SIS W Mim M i) ATRN S RETR A ‘.“..._w“_ﬁ.ﬂ_ | Lererscercon
PSR GT SRS R VAL 2 .N..&F,._: : 23k w..wﬂmﬁ WL LR G .m...@ﬁﬁ._m,.w U5 THINING ¥ OO0 RE YRR I v
R T I e SEEAR R 3 2181 S SHEO  BENG wiO0 ) BYSD- LpLY BGER ¥ 3..:. 5 i TR LR PV A Lprovsespvr,
<y ‘m 7 H&. NS AR V28 A0 3 PG GOOG SHUD | A7 MOGOG POLR RIS Y OIUBIVESI Y Ph Jee
i .Pv AR MY MILEVEYAGTY ¢ PG BN BGOG D B¥ED- 1 BEVD PTG TMHIS Y MR R H\w ¥ £y pescecorene
w?ﬁm GV A VA2 LKA w%.@ GGG D5 | 520 | HIAGT LD AIE H OOV BN P Ceenen
TG R R Y ERFAR S 4R 1010 A COOT BDID OO0 EEED- D IDYD 2880 WMYIS H Tty L icnerenneco.

g : : ’ .____..... » i L 3 . e ) K I i A, LA _..__,__. . " . R ¥
G WONX Wi | D9 €000 1o BTG MGG THED WIS I a—
G WOMA MLZIVIXSWOMY 3 2000 DU 950G @D D0UD C960 WIS 4 /12
Lot YTt B BRI TS ; Ly y o P R oV LT D ytd i L5

R MOWX  WESYDIEEONZ L 100D Q000 B SRE0- D MKO00 IR BN J _‘..; B oonrnrers

450 - Em,ﬁ o QHE) TR w?;. . #

{ Y DARVE . GUSY PRILEIE GV . RS SRR 5 DUAT 1615a0 JQE? A %

. -, EALN . e, T ' A e u , ooy g . A . N A .,

PR @.w..ww..nw AN SR S 13 B 75 1) B ¢ 11 m _ﬁ“m@ 2 &m Hﬁ 5 © g B m 3 38150
‘ A

LE3Y "
5t . o e TR R RYR) RS s e e POy SRSy L IR INAL g ‘ “Ay . " 4 o
e B SRE AR SN RTIA LTINS LD L0060 2eRD LU0~ SRBOT 1021 WO 4 Ll Y ﬂm\m

l

i"'""""l.

e ll.l...l....n._..

't‘:..'l-l - .

f
]

A%



U.S. Patent Feb. 18, 2014 Sheet 7 of 9 US 8.656,337 B2

i
|

S .
- N ELEEE] L]
| N % 3
N wy L om 9
LA MR e Lt . 7
Ay B i iy L iy 1'|.
LA N ~ t.
] . e ."'
L O R R by
Ty - L] -
“‘I" _"'\.I'!.-"'_ - - 1‘
W Ry LR T 3
e " ! 4 o 1'||
i, o 4
™ i - ‘:_:
" . 4
:1-"+l|-|-++:'l-+|-++l|--| 1'1.:
. a -
awt . ) I‘I-;q. .'- " - 1.1_:
B R B SN .7 4
‘_" 't v Y B, ™ - 5
1] 's L] . .'.I- .'- T a7 . - -|_II
L e - e o h
NN ] ) o . A -
i.‘. L 4-':'.- LTI | ..‘ LI A B T B A L] ' 1'|.
il - N . ‘- ll 'ii"+"i"i'i"-+'i'i'i"ll"i.'r"l-"r"l"‘l-"l"i L ) '-- 1..
LT, -‘:";‘;H.“l""h :: b -, " -|,II
* Ll -
: . R o B 3 :
+ - - - L
: - . P B 2 .
S N L R oy 3
| 4 LI L] F
: -:':1;.I ::: O + 1-:‘1-" . - " 1,.]
. e . . . = N by
+ Fdwnanaana A + . -
+ 1‘- IIIIIIIIII 'I- .‘I + l. F‘I 'I.' LI ] L] .-".1 E
" + o :: + v A . - PERSTLS &
+ + L + . - ] - . -
L ..‘ - = - L] ' L] L] L 1'|.
+ + - + [ ] L] =~ & - H 4 %k - [ ]
. . . . .._' . N [ " 2 _lll-ll +n [ ] l‘.|.+|.'.-_ 1'||
§ - .'- - = - ' - [ | - r_._ 1'||
: : l‘l. - -.1: “ : :' L] :1 ':'r:'l'.+.+.+.+..‘.;+;+‘+;+' - - " 1.1.:
+ + *a et B, + . - - ER .; ....... . 4
+ + AT B, . v - - PR L * = 5
-------------- X x s n Do s :
L] + + 1 ] L] - - ¥ ¥ % B ¥ L] .
"y * * " K, PR " e l'*_._ - * . '-‘-_.-- .-\'1- . = E
L] o 4 4 w4 4o “ [ L] .|' l-' ‘1 11-!.-1' = 1- + L] L] '-.
-I|I * * ] - .._' [ ] * + -r"'l. L] 41 + & *'l - ] L] - 1'||
-" * * 1] N .'- (] ' * .II-" . 1‘ "11.'"-'- » L] - 1'|-
.: : : : . .:1 ) - -ll.-‘i ‘l:‘h"n‘ -, AR l:.._ll LA SR . _: 1,1.:
. N PO 1 - - i my " - . [ . -
l" * * " i'- ‘- ‘li * :: T ‘l‘ h l‘l.'l + + + + + +‘l‘ + + + % -1' ] L] '-. 1‘
R + + o - ) R IR W - -, . e . . R 5
.'l - + + + ¥ + + 0+ + F FF U AFFFFFFF I‘l++++ . .“ i Y ‘I+I+I‘I.I - 'Ill " - . " 1..
l" * * * ‘l """"""""""""" L] .\‘ 1 ‘i‘ - LEEAES -‘ * ‘1 1 -l - L] 1. H
R - * * . ) . . - . e L, Y STTTTE T T A s s
.: : : : o B EH EER .‘. .“ .. ' : : -'i 4 4 4 oh & : 4 4 4 o4 i.:..‘i L T I I - : :‘: ‘: - 1.{
"y - + + - "u K, s 1 . a - + - - - 2 v
.'l - + + - . .‘i .‘I --' ril" i-+ ii‘ ." - "-1' - 'I.' .'1 T “'i - L] ¥ E
.'l - + + * I" -|' ' .‘I +. = .- ll -.' 1.\. - 1. . - 'I.' T r'! L ] " |+ -i ¥
. EE - AaEmEm .'- A | L a w N T T 3 1'||
R - * * ] - - ) LI 1: L LT S B - -, S, 0 o . 5
. * * * =T 'a S P P et e * " R R NN T L r
L] - + + - -~ 111111 .l L k L] ‘l_'- -'.- L] 1.1‘.- - - .I .-l.'i I."L . H
" - * * " - . N ' ' " o + - . . -
.'l +-|'.|'.+-|'.|-.+.. ..... I+I " "I L] l- ! ! ‘:b.- e .“l"+.+.+.+.+lﬂ. 'I.' ' - ‘i- ¥ E
] .._' L] - LI L] L - »
-: : . ||‘ T '-Ir TT ‘I:" THTTTT® e e :: ------------- G e :-.I- -n 1:
. e T T R P R i, PRl R eta LT . - »
> .- * ::: N P * T = . = 1'|| >
- + N N LRI e wwwow 4 + wmowowowow o . . . -|,II
" * K, - " . + - " R ' 5
.'l + "I i- ] l. -' 'i. 'I.' L] - " ¥
. N 1 . . . . i - s 4
': - hwwowwwo : K, 1+.'- 1'- - rf"'ll- :‘I -"‘1- :" P ++.*| ':'- -‘1 - . B
" T T BT T T T T T T T T T T T T T T T r, - e T S < " oo I A 1:
: . . + * ::: T gt P m'a . . N I R » 1'|.
- * PR - E R AN a4 ks LI -, L AR R m ot 5 ‘
[ ] - “ + L] o+ LB | L L * + »
-|. L NN ] * .._' * " " V. * - " . o+ VT A [ 1'||
- r h T + [ ] - T " ™mT W W R W W R W ] - - L] L -
m L " - * .'-. . » e PR, RO O v E w
[ ] - L] - “ 1 + + + + + + + + + % + + ¥ + + + 0 + ¥ + U+ + + F »
p— S - " : R RS T DS, S e 3
- L - |.I q\- * .'-. II| S |'|"'|. *. . - N 1'|| H
"] - mom - - + - - . "
fo R e : L P
M e e Tmtatatatataata e LI .._' " I -, .-i L] _'\l+ -|,II
* L - - L} L
e e .1'\ ...... e .'-. » e = b - n * . L tl'
H ....... e et |“ . .. q-._..‘n o . nam L II' 1'I- H
. + .'- - -.ll- 4 2 I|ll|l"l|l + *u® E
4 & - 4 L] 1 * H
h w " . : h I:'l'|'|'|'|'-|-_:"|l'j|'|'|'|'|_.""l|'|'|'|'|'|'|l'|'|'|'|'|'|:- 1'1: w
¥ * B, » - 5
L r = L]
h LI : E ."'-. :- 1'1.: h
+ m - . .
- * - . - 5
m m ----------- e L . by I I m
. i T '\-l.\ 5
m . ." l‘ . el 1 :: m
. .'- L) n' . N
: . 3 s T} :
N - . . T > by N -
+ P B -
" .'- .ﬁ“‘ 1 [ v 2 1'||
LJ O : s S o
J -

T
~ %
el
1"_'-.".

g
4

-I'l
i
!
4
s
&
i IF-,"
-
‘-r'
F‘,‘
.{i

" -
L ;

A ':.'":f
AR O
'.'.H.‘.- !'I-"‘"r
- Lo
Iy

" Ny

o ¥

s
-

-

L
I"
e

. ffffffff.'ﬁf.kii;-f_
517433

.-L.'Jfflll““““‘ [
e,
iy

L]
&
#a
"
i
LI
Er
e
.F.:
.‘-
..-" 1
v
]

A i L i i
|
o,
n
-

- .
Iy
i
Fa
Fr
F
[ ]
Fa

.
»

-

Fig. 7(a)



g "b14

US 8,656,337 B2

T RRLL Prad 5. WY AREASE Ll - ﬁmw _w.f [ra32 bR R O O B ,Tv..u.iw{a . 7]
__.ﬁwm wwl 4 _."Hx.. £ ey g HHIA @ vy { aGas

1ol s KO HEY 000 BS0G IDVG FIBRD f0RD HENDE ﬂ % _m@,,___ M_.m}m.._ i
.-..__..-._...r ..

1" St et

= :
fm e
oo CMYE O VIV UNEERGTS vl L600 LONT GOLT T O L BRI e WIS o AR L
= BRA O3 MBS v DT SI00 p0n &t ¢ PO 281G U.E 4 FULVHEA ) L
% LI A i FEASYSLRICHY S0 L30% vh “._“_. oY L BAET ESVR ,.;{ ™45 3 - --s.ﬁ_ﬂ,ﬁ.; e e
— GLRAG BRI I 1455008 .,w i Pinyer wmw.,_m ¥5iTe m_..ﬁ.,f IROGHG PEZG WG U 500000 B8 Aeerooreienn
2 G A B 0N Ry CIAL TS AT A VIHYE WD BEGD | ZUEG 1 PELY .Em § THWIOE i ﬁ w.‘.,. £ oo,
$ERE R Y SIRAL IR ¢ T ATi R 4 3V ?:: W EBEG MND (6 VAR 4 HpE $88  Lerrrncoveses
FEAs I GG Pk mmmmm. 4308y 1K ._”,, i 4 PFC O BUDY 1D G A% | Lidd .m EAT i S S E R
% MY MESIVIZAGTY L BMOD sGOT SEOG L IDUO MR 1ERT WIS i :__h_._ﬁ?w 17 A R
-t 534 g x.wi&_m%_..h A S AS 1INV EL ;ﬁi S VRV 21435 ...:, S ¥ W EET Koo oo
— g HAIZIYYRZHG P B 810 CPOT G ABRO DM BOLG BWI0E W AFRETY ] fns
~ N& Y HIZLWRIZIOY L Wm0 SN 9pO0 | IDE0 | LRDD 00D THOINS M L7771 S
- LA Yy EFPFOAIERGY b LBUE IDDD MROD D 2010 PGH0G 184 #ai 4 A A G a
w m. HEE ._.M%a MK T RANT ?3% LD 00T GG ) EBLG | B S LR IEMING 4 AIGED I
. o RONY IV R LG YBUG L ZREU 20000 i m.m YRS 3 L A fovssseeeeo
w oo ; ORI - LURTE - GO 4 %Ei%q #
&

iy
LI
e
et
x’l
‘h-:h;
e
"y
o :n.\.*
N
™
4\:!\
w
LR
.
:: 23
)

"
*u?%\i

'-

1';‘\-"'
X
vt
-
LA
3
Wiuts

1R M MEIDIVEX K

]
T ou
.l._-....u..-.l_.-_.q_._......-..._-..‘__.

F,
S
r
]

o
1
"

L]
E ]

U.S. Patent



U.S. Patent Feb. 18, 2014 Sheet 9 of 9 US 8,656,337 B2

Fig. 9

START

Acquire logic circuit description data

Logic synthesis using first frequency Logic synthesis using second frequency

(Generate first netlist (Generate second netlist

(Generate and store reference table
Place and route based on first netlist
Output timing report

Select block

ls difference a
nhegative value?
Select next block

Replace first netlist with second netlist

All blocks
selected?

Place and route based on replacement netlist

Output timing report




US 8,656,337 B2

1

OPTIMIZATION METHOD AND DEVICE FOR
NETLIST USED IN LOGIC CIRCUIT DESIGN
FOR SEMICONDUCTOR INTEGRATED
CIRCUIT

This application claims priority under 35 U.S.C. §119 from
Japanese Patent Application No. 2012-157028 filed Jul. 13,
2012, the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for optimizing a
netlist used in the logic circuit design of a semiconductor
integrated circuit, a device for assisting in the design of alogic
circuit using this method, and a computer program executable
by this device.

2. Related Art

When a semiconductor integrated circuit 1s designed, the
logic circuit 1s first described at the register transier level
(RTL) in a hardware description language (HDL), and a
netlist 1s generated through logical synthesis using a cell
library for the arrangement (logical operation element group-
ng).

However, when placement and routing is performed based
on the netlist after logical synthesis and the timing 1s ana-
lyzed, unexpected critical paths sometimes occur due to clock
cycles, input/output delays and so on. In other words, when a
certain logical operation element becomes a critical path, a
deviation occurs 1n the overall operational timing, and i1t can
become difficult to execute a logical operation properly.

Theretfore, inthe prior art, a netlist 1s generated by perform-
ing logical synthesis under conditions 1n which a higher fre-
quency 1s used to provide a margin. Simply put, the logical
synthesis 1s performed using a higher frequency. Patent Lit-
erature 1 discloses a logical synthesis device in which timing
verification 1s performed using the processing speed between
FF as the standard.

SUMMARY OF THE INVENTION

One aspect of the mvention includes a computer executable
method for assisting 1n the design of a logic circuit, the
method includes the steps of: acquiring a logic circuit
description data, generating, based on the acquired logic cir-
cuit description data, a first netlist that 1s logically integrated
with a first frequency, generating, based on the acquired logic
circuit description data, a second netlist that 1s logically inte-
grated with a second frequency that 1s higher than the first
frequency, arranging logical operation elements and wiring
the logical operation elements based on the first netlist, out-
putting a timing report related to execution timing for each of
a plurality of blocks associated with the logical operational
clements, extracting any block of the plurality of blocks,
based on the outputted timing report, not satistying a desired
operational speed, replacing the first netlist with the second
netlist for any extracted block when performing the arranging
step for logical operation elements associated with any
extracted block and wiring associated with any extracted
block, and outputting another timing report after the arrang-
ing for the extracted blocks 1s performed, where at least one
step 1s carried out on a computer device.

Another aspect of the invention includes a device for assist-
ing 1n the design of a logic circuit, the device includes: first
netlist generating means for generating, based on the acquired
logic circuit description data, a first netlist logically inte-

10

15

20

25

30

35

40

45

50

55

60

65

2

grated with a first frequency, second netlist generating means
for generating, based on the acquired logic circuit description

data, a second netlist logically integrated with a second fre-
quency higher than the first frequency, place-and-route means
for, based on the first netlist, arranging logical operation
clements and wiring the logical operation elements, timing
report outputting means for outputting a timing report related
to execution timing for each of a plurality of blocks associated
with the logical operational elements, block extracting means
for extracting, based on the outputted timing report, any block
not satisiying a desired operational speed, and netlist replac-
ing means for replacing the first netlist with the second netlist
for any extracted block, where the place-and-route means
arrange, based on the second netlist, logical operation ele-
ments associated with any extracted block and wiring asso-
ciated with any extracted block, and where the outputting
means outputting output another timing report after place-and
route means perform the arrangement for the extracted
blocks.

Another aspect of the invention includes an article of
manufacture tangibly embodying non-transitory computer
readable instructions, which when executed on a computer
device cause the computer device to carry out the steps of a
method for assisting 1n the design of a logic circuit, the
method includes the steps of: acquiring a logic circuit
description data, generating, based on the acquired logic cir-
cuit description data, a first netlist that 1s logically integrated
with a first frequency, generating, based on the acquired logic
circuit description data, a second netlist that 1s logically 1nte-
grated with a second frequency that 1s higher than the first
frequency, arranging logical operation elements and wiring
the logical operation elements based on the first netlist, out-
putting a timing report related to execution timing for each of
a plurality of blocks associated with the logical operational
clements, extracting any block of the plurality of blocks,
based on the outputted timing report, not satistying a desired
operational speed, replacing the first netlist with the second
netlist for any extracted block when performing the arranging
step for logical operation eclements associated with any
extracted block and wiring associated with any extracted
block, and outputting another timing report after the arrang-
ing for the extracted blocks 1s performed, where at least one
step 1s carried out on a computer device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 displays a block diagram schematically illustrating
the configuration of the logic circuit design assistance device
in an embodiment of the present invention.

FIG. 2 displays a function block diagram of the logic
circuit design assistance device mn an embodiment of the
present invention.

FIG. 3 displays a diagram showing RTL source code for the
logic circuit design assistance device in an embodiment of the
present invention.

FIG. 4(a) displays a diagram showing a first netlist for the
logic circuit design assistance device 1n an embodiment of the
present invention.

FIG. 4(b) displays a diagram showing a second netlist for
the logic circuit design assistance device 1n an embodiment of
the present invention.

FIG. § displays a diagram showing a timing report for a
logic circuit design assistance device 1n an embodiment of the
present 1nvention.

FIG. 6 displays a diagram showing a timing report for a
specific block 1n the logic circuit design assistance device 1n
an embodiment of the present invention.
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FIG. 7(a) displays a diagram showing a reference table
stored 1n the reference table storage unit of the logic circuit
design assistance device an embodiment of the present inven-
tion.

FIG. 7(b) displays a diagram showing a reference table
stored 1n the reference table storage unit of the logic circuit
design assistance device an embodiment of the present inven-
tion.

FIG. 7(c) displays a diagram showing a reference table
stored 1n the reference table storage unit of the logic circuit
design assistance device an embodiment of the present inven-
tion.

FIG. 8 displays a diagram showing a timing report for a
logic circuit design assistance device 1n the embodiment of
the present invention 1n which the second netlist has been

replaced.
FIG. 9 displays a flowchart showing the processing steps

performed by the CPU 1n the logic circuit design assistance
device 1n the embodiment of the present 1nvention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

There are problems with the approach suggested by prior
art 1n this field. For instance, Japanese Patent Publication No.
2006-163822 does not mention setting a frequency for the
logical synthesis, but logical synthesis 1s often performed
using a higher frequency to avoid the occurrence of critical
paths during the design process. However, because logical
synthesis 1s performed at a higher frequency, there 1s an
assumption that the gate size of the semiconductor integrated
circuit will be unnecessarily large, and there 1s a possibility
that a logical circuit consuming more power will be designed.
These factors are contrary to the demands of an era calling for
smaller sizes and increased power savings.

Also, by changing the arrangement of logical operation
clements and the wiring between these logical operation ele-
ments based on anetlist generated by logical synthesis, 1t may
be possible to get timing delays to converge and reduce power
consumption. However, repeated trial and error 1s required to
get the timing to converge, and the logical synthesis some-
times has to be reworked and performed again. This makes it
difficult to reduce design times.

In view of these circumstances, the purpose of the present
invention 1s to provide a method for optimizing a netlist used
in the logic circuit design of a semiconductor integrated cir-
cuit to shorten design times, a device for assisting in the
design of a logic circuit using this method, and a computer
program executable by this device.

In order to achieve this purpose, the first aspect of the
present 1mvention 1s a method executable by a device for
assisting 1n the design of a logic circuit, 1n which the method
includes the steps of: acquiring logic circuit description data,
generating a first netlist logically integrated with a first fre-
quency based on the acquired logic circuit description data,
generating a second netlist logically integrated with a second
frequency higher than the first frequency based on the
acquired logic circuit description data, arranging logical
operation elements and wiring the logical operation elements
based on the first netlist, outputting a timing report related to
the execution timing for each block divided into a predeter-
mined wiring unit, extracting any block not satistying the
desired operational speed based on the outputted timing
report, and replacing the first netlist with the second netlist for
any extracted block. Some or all of the arrangement of logical
operation elements and the wiring of the logical operation
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clements 1s performed based on the second netlist, and output
ol a timing report 1s performed again.

The second aspect of the present invention 1s preferably the
method 1n the first aspect, 1n which the blocks are configured
as logical operation elements and wiring between logical
operation elements iterposed between a thp-flop circuit to
which signals are mputted and a flip-tlop circuit from which
signals are outputted.

The third aspect of the present invention 1s preferably the
method 1n the first or second aspect further including the step
ol: generating a reference table associated with the first netlist
and the second netlist for each block, 1n which the reference
table for an extracted block 1s referenced as key information
to replace the first netlist corresponding to the extracted block
with the second netlist corresponding to the block.

In order to achieve this purpose, the fourth aspect of the
present ivention 1s a device for assisting 1n the design of a
logic circuit including: description data acquiring means for
acquiring logic circuit description data, first netlist generating
means for generating a first netlist logically integrated with a
first frequency based on the acquired logic circuit description
data, second netlist generating means for generating a second
netlist logically integrated with a second frequency higher
than the first frequency based on the acquired logic circuit
description data, place-and-route means for arranging logical
operation elements and wiring the logical operation elements
based on the first netlist, timing report outputting means for
outputting a timing report related to the execution timing for
cach block divided into a predetermined wiring unit, block
extracting means for extracting any block not satisfying the
desired operational speed based on the outputted timing
report, and netlist replacing means for replacing the first
netlist with the second netlist for any extracted block, the
place-and-route means arranging some or all of the logical
operation elements and wiring some or all of the logical
operation elements based on the second netlist, and the timing
report outputting means outputting another timing report.

The fifth aspect of the present invention 1s preferably the
device 1n the fourth aspect, 1n which the blocks are configured
as logical operation elements and wiring between logical
operation elements interposed between a flip-tlop circuit to
which signals are inputted and a flip-flop circuit from which
signals are outputted.

The sixth aspect of the present invention 1s preferably the
method 1n the fourth or fifth aspect further including a refer-
ence table generating means for generating a reference table
associated with the first netlist and the second netlist for each
block, the netlist replacing means referencing the reference
table for an extracted block as key information to replace the
first netlist corresponding to the extracted block with the
second netlist corresponding to the block.

In order to achieve this purpose, the seventh aspect of the
present nvention 1s a computer program executable by a
device for assisting in the design of a logic circuit, the com-
puter program enabling the device to function as: first netlist
generating means for generating a first netlist logically 1nte-
grated with a first frequency based on the acquired logic
circuit description data, second netlist generating means for
generating a second netlist logically integrated with a second
frequency higher than the first frequency based on the
acquired logic circuit description data, place-and-route
means for arranging logical operation elements and wiring
the logical operation elements based on the first netlist, timing,
report outputting means for outputting a timing report related
to the execution timing for each block divided into a prede-
termined wiring unit, block extracting means for extracting,
any block not satistying the desired operational speed based
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on the outputted timing report, and netlist replacing means for
replacing the first netlist with the second netlist for any
extracted block, the place-and-route means functioning so as
to arrange some or all of the logical operation elements and
wiring some or all of the logical operation elements based on
the second netlist, and the timing report outputting means
functioning so as to output another timing report.

The eighth aspect of the present invention is preferably the
computer program in the seventh aspect, in which the blocks
are configured as logical operation elements and wiring
between logical operation elements interposed between a
tlip-flop circuit to which signals are mputted and a tlip-tlop
circuit from which signals are outputted.

The ninth aspect of the present invention 1s preferably the
computer program in the seventh or eighth aspect, the com-
puter program enabling the device to function as a reference
table generating means for generating a reference table asso-
ciated with the first netlist and the second netlist for each
block, the netlist replacing means referencing the reference
table for an extracted block as key information to replace the
first netlist corresponding to the extracted block with the
second netlist corresponding to the block.

In the present invention, a first netlist 1s generated which 1s
logically integrated with a first frequency based on the
acquired logic circuit description data, and a second netlist 1s
generated which 1s logically integrated with a second ire-
quency higher than the first frequency based on the acquired
logic circuit description data. In the placement-and-routing
step for the logical operation elements, placement and routing
1s performed as a general rule based on the first netlist. How-
ever, by using the second netlist on blocks with critical tim-
ing, the netlist can be optimized 1n the logical synthesis step
without having to be reworked, and the overall time required
to design a logical circuit can be reduced. Because logical
operation elements with a faster speed than required can be
placed, the overall gate size of a semiconductor integrated
circuit does not have to be increased, and excessive power
consumption can be avoided in advance.

The following 1s an explanation with reference to the draw-
ings of a logic circuit design assistance device 1n an embodi-
ment of the present invention which assists 1n the design of a
logic circuit. However, the present embodiment does not limait
the present invention in the scope of the claims. Also, all
combinations of characteristics explained 1n the embodiment
are not necessarily required in the techmical solution of the
present invention.

The present invention can be embodied 1n many ways, and
should not be construed as limited to the description of the
embodiment. Identical elements are denoted by the same
reference numerals throughout the embodiment.

In the explanation o the following embodiment, a device 1s
used to introduce a computer program to a computer system.
However, as should be clear to those skilled in the art, some of
the present invention can be embodied as a computer program
that can be executed by a computer. Therefore, the present
invention can be embodied as hardware, such as a logic circuit
design assistance device for assisting in the design of a logic
circuit, as software, or as a combination of hardware and
software. The computer program can be stored on a com-
puter-readable storage device such as a hard disk, DVD, CD,
optical storage device, or magnetic storage device.

In the embodiment of the present invention, a first netlist 1s
generated which 1s logically integrated with a first frequency
based on the acquired logic circuit description data, and a
second netlist 1s generated which 1s logically integrated with
a second frequency higher than the first frequency based on
the acquired logic circuit description data. In the placement-
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and-routing step for the logical operation elements, place-
ment and routing 1s performed as a general rule based on the
first netlist. However, by using the second netlist on blocks
with critical timing, the netlist can be optimized 1n the logical
synthesis step without having to be reworked, and the overall
time required to design a logical circuit can be reduced.
Because logical operation elements with a faster speed than
required can be placed, the overall gate size of a semiconduc-
tor integrated circuit does not have to be increased, and exces-
s1ve power consumption can be avoided 1n advance.

FIG. 1 1s a block diagram schematically illustrating the
configuration of the logic circuit design assistance device 1n
an embodiment of the present mvention. The logic circuit
design assistance device 1 1n this embodiment includes, at the
very least, a central processing umt (CPU) 11, memory 12, a
storage device 13, an I/O interface 14, a video interface 13, a
portable disk drive 16, a commumnication interface 17, and an
internal bus 18 connecting these hardware components.

The CPU 11 1s connected to each hardware component 1n
the logic circuit design assistance device 1 via an internal bus
18 1n order to control the operations of these hardware com-
ponents, and to execute various software functions in accor-

dance with a computer program 100 stored in the storage
device 13. The memory 12 1s non-volatile memory such as
SRAM or SDRAM. When the computer program 100 1s
executed, the load module 1s deployed 1n the memory, and the
temporary data generated when the computer program 100
has been executed 1s stored in the memory.

The storage device 13 can be an internal fixed storage
device (hard disk) or ROM. The computer program 100
stored 1n the storage device 13 1s downloaded from a portable
storage medium 90 such as a DVD or CD-ROM containing,
information such as programs and data using a portable disk
drive 16, and 1s deployed from the storage device 13 and
executed 1n the memory 12. It may, of course, be a computer
program downloaded from an external computer connected
via a communication interface 17.

The storage device 13 includes a reference table storage
umt 131 for storing reference tables for each block 1n the logic
circuit, 1n which a first netlist generated by logical synthesis
of the logic circuit using a first frequency, and a second netlist
generated by a second netlist generated by logical synthesis
of the logic circuit using a second frequency higher than the
first frequency are associated with identification information
identifying the logical operation element (cell). A block 1s a
divided wiring unit. In this embodiment, each block 1s con-
figured as logical operation elements (cells) and wiring
between logical operation elements (cells) interposed
between a tlip-tlop circuit to which signals are inputted and a
tlip-flop circuit from which signals are outputted.

The communication interface 17 1s connected to the inter-
nal bus 18, and to an external network such as the Internet, a
L. AN ora WAN so as to be able to exchange data with external
computers.

The I/O interface 14 1s connected to mput devices such as
a keyboard 21 and a mouse 22 in order to receive the input of
data. The video interface 15 1s connected to a display device
23 such as a CRT display or a liquid crystal display to display
predetermined 1mages.

FIG. 2 1s a function block diagram of the logic circuit
design assistance device 1 in the embodiment of the present
invention. The description data acquiring unit 201 1n the logic
circuit design assistance device 1 1n FIG. 2 acquires logical
circuit description data as data for a logical synthesis. The
acquired logic circuit description data 1s, for example, RTL
(register transter level) source code.
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FIG. 3 1s a diagram showing RTL source code for the logic
circuit design assistance device 1 1n the embodiment of the
present invention. The RTL source code 1n FIG. 3 15 source
code constituting a basic multiplier, and the source code 301
indicates the output of the results of multiplying mnput x and
mputy to z_It.

More specifically, source code 302 indicates the simulta-
neous extraction and mput of four-bit input x and 1nput y to
the tlip-tlop circuit on the mput side. Source code 303 1ndi-
cates the output of the results of multiplying input x and 1input
y to output z as wiring results for the logic circuit. Source code
304 indicates the output of six-bit output z_It to the thip-tlop
circuit on the output end.

Returning to FIG. 2, the first netlist generating unit 202
performs logical synthesis at a first frequency based on the
acquired RTL source code (logic circuit description data) to
generate a first netlist. Stmilarly, the second netlist generating
unit 203 performs logical synthesis at a second frequency
higher than the first frequency based on the acquired logic
circuit description data to generate a second netlist. FIG. 4 1s
a diagram showing a first netlist and a second netlist for the
logic circuit design assistance device 1 1n the embodiment of
the present invention.

FIG. 4 (a) shows a first netlist generated by performing
logical synthesis at a relatively low frequency, and FIG. 4 (b)
shows a second netlist generated by performing logical syn-
thesis at arelatively high frequency. When FIG. 4 (a) and FIG.
4 (b) are compared, the first 1dentification information 41
identifyving the tlip-flop circuit on the mput side, and the
second 1dentification information 42 identifying the flip-flop
circuit on the output side match in the first netlist and the
second netlist. In other words, these indicate netlists for the
same block. The arrangement and number of logical opera-
tion elements (cells) differ between the tlip-tlop circuit on the
input end and the tlip-tlop circuit on the output end, that is,
between the first identification information 41 and the second
identification information 42.

Returning to FIG. 2, the place-and-route unit 204 arranges
logical operation elements and wires the logical operation
clements based on the generated first netlist. More specifi-
cally, the elements are automatically arranged and automati-
cally wired by a placement tool in accordance with con-
straints. The timing report output unit 205 outputs a timing
report related to the execution timing for each block, which 1s
divided 1nto predetermined wiring units.

A timing report 1s a report which adds up the time required
tor each logical operation element to perform processing 1n
cach block. FIG. 5 1s a diagram showing a timing report for
the logic circuit design assistance device 1 1n the embodiment
of the present invention. FIG. 5 shows a timing report output-
ted for a single block.

As shown 1 FIG. 3§, the time required for each logical
operation element to perform processing 1s collected, starting
the time count from the first identification information 51
identifving the flip-tflop circuit on the mput side, and ending
the time count with the second 1dentification information 52
identifving the tlip-tlop circuit on the output side. When the
cumulative operation processing time greatly diverges (ex-
ceeds) the previously estimated time, 1t 1s determined that the
processing in the first netlist cannot be completed 1n the
previously estimated time for the block in the outputted tim-
ing report, and that the block 1s a timing-critical block. In the
present 1nvention, the timing of a timing-critical block 1s
adjusted by replacing the first netlist with a second netlist
obtained by performing logical synthesis at a higher fre-
quency. More specifically, the difference between the previ-
ously estimated time and the cumulative operation processing
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time 1s calculated, and a block 1s considered a timing-critical
block when the calculated difference 1s a negative value.

Returning to FIG. 2, the block extracting unit 206 extracts
a block that does not satisty the desired operating speed based
on the outputted timing report. Then, the netlist replacing unit
207 replaces the first netlist with the second netlist 1n the
extracted block.

FIG. 6 1s a diagram showing a timing report for a specific
block 1n the logic circuit design assistance device 1 1n the
embodiment of the present invention. In the block shown 1n
FIG. 6, the difference 63 between the cumulating operation
processing time and the previously estimated time 1s a nega-
tive value (minus), so 1t takes longer than the previously
estimated time to perform the operation processing. In other
words, the processing does not end within the previously
estimated time, an operating timing discrepancy (delay, etc.)
occurs, and the logical operation may not be executed prop-
erly.

Therefore, the first netlist 1s replaced with the second
netlist in blocks having a negative value for the difference 63.
More specifically, the first netlist and the second netlist cor-
responding to the extracted block are retrieved using the first
identification information 31 i1dentifying the tlip-flop circuit
on the mput side and the second 1dentification information 52
identifving the flip-flop circuit on the output side as key
information. The first netlist corresponding to the extracted
block 1s then replaced with the second netlist corresponding
to the extracted block.

Of course, a reference table can be generated which asso-
ciates the first netlist and second netlist of each block and the
reference table can be stored 1n the reference table storage
unit 131 of the storage device 13 in order to accelerate the
operation processing time. The reference table generating
unit 208 shown 1 FIG. 2 generates a reference table associ-
ated the first netlist and the second netlist of each block, and
stores the reference table 1n the reference table storage unit
131 of the storage device 13.

When a reference table 1s to be used, the netlist replacing
umt 207 references the reference table using the extracted
block as key information, and the first netlist corresponding to
the extracted block 1s replaced by the second netlist corre-
sponding to the extracted block.

FIG. 7 1s a diagram showing a reference table stored in the
reference table storage unit 131 of the logic circuit design
assistance device 1 1n the embodiment of the present mnven-
tion. In the reference table shown in FI1G. 7 (a), the first netlist
71 generated by logical synthesis using a first frequency (low
frequency) 1s associated with the second netlist 72 generated
by logical synthesis using a second frequency (high fre-
quency) for each block (described as a “path” 1n FIG. 7).

As shown 1n FIG. 7 (b), 1t 1s not difficult to wire the logical
operation elements during logical synthesis at a low fre-
quency when the number of elements 1s small. However, as
shown 1n FI1G. 7 (¢), 1t 1s difficult to wire the logical operation
clements during logical synthesis at a high frequency when
the number of elements 1s fairly large. A reference table 1s
generated which associates both netlists for each block, and a
process 15 not required to retrieve all generated netlists by
storing them beforechand. As a result, the first netlist 71 can be
replaced by the second netlist 72 of an extracted block with-
out an excessive operation processing load.

FIG. 8 1s a diagram showing a timing report for a logic
circuit design assistance device 1 1n the embodiment of the

present invention 1 which the second netlist has been
replaced. Unlike FIG. 6, the difference 83 between the cumu-
lative operation processing time and the previously estimated
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time 1s not a negative value (minus), and so it 1s determined
that the processing can be completed within the previously
estimated time.

FIG. 9 1s a flowchart showing the processing steps per-
tformed by the CPU 11 1n the logic circuit design assistance
device 1 1n the embodiment of the present invention. The CPU
11 1n the logic circuit design assistance device 1 acquires
logic circuit description data as data for logical synthesis
(Step S901). The acquired logic circuit description data can
be, for example, RTL (register transier level) source code.

The CPU 11 performs logical synthesis using a first ire-
quency based on the acquired logical circuit description data
(Step S902), and generates a first netlist (Step S903). Simi-
larly, the CPU 11 performs logical synthesis using a second
frequency higher than the first frequency based on the
acquired logical circuit description data (Step S904), and
generates a second netlist (Step S905). The CPU 11 generates
and stores a reference table associating the first netlist and the
second netlist of each block configured as logical operation
clements and wiring between logical operation elements
interposed between a tlip-tlop circuit on the mput side and a
tlip-flop circuit on the output side (Step S906).

The CPU 11 arranges logical operation elements and wires
the logical operation elements based on the generated first
netlist (Step S907). More specifically, the elements are auto-
matically arranged and automatically wired by a placement
tool 1 accordance with constraints. The CPU 11 outputs a
timing report related to the execution timing for each block
(Step S908).

The CPU 11 selects a block (Step S909), and determines
whether or not the difference between the cumulative opera-
tion processing time 1n the outputted timing report and the
previously estimated time for the selected block 1s a negative
value (Step S910). When the CPU 11 determines that the
difference 1s a negative value (Step S910: YES), the CPU 11
replaces the first netlist with the second netlist (Step S911).

When the CPU 11 determines that the difference 1s not a
negative value (Step S910: NO), the CPU 11 skips Step S911,
and determines whether or not all of the blocks have been
selected (Step S912). When the CPU 11 determines that there
1s a block that has still not been selected (Step S912: NO), the
CPU 11 selects the next block (Step S913), the processing
returns to Step S910, and the processing described above 1s

repeated.
When the CPU 11 determines that all of the blocks have

been selected (Step S912: YES), the CPU 11 arranges some or
all of the logical operation elements and wires some or all of
the logical operation elements based on a netlist replaced by
the second netlist (Step S914), and outputs another timing,
report (Step S915).

In the embodiment of the present invention described
above, a first netlist 1s generated which 1s logically integrated
with a first frequency (low frequency) based on the acquired
logic circuit description data, and a second netlist 1s generated
which 1s logically integrated with a second frequency (high
frequency) higher than the first frequency based on the
acquired logic circuit description data.

In the placement-and-routing step for the logical operation
clements, placement and routing 1s performed as a general
rule based on the first netlist. However, by using the second
netlist on blocks with critical timing, the netlist can be opti-
mized 1n the logical synthesis step without having to be
reworked, and the overall time required to design a logical
circuit can be reduced. Because logical operation elements
with a faster speed than required can be placed, the overall
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gate size ol a semiconductor integrated circuit does not have
to be increased, and excessive power consumption can be
avoided 1n advance.

The present invention 1s not restricted to this example.
Several different types of alterations and modifications are
possible within the scope of the present mvention.

What we claim 1s:

1. A computer executable method for assisting in the
design of a logic circuit, the method comprising the steps of:

acquiring a logic circuit description data;

generating, based on the acquired logic circuit description

data, a first netlist that 1s logically integrated with a first
frequency;
generating, based on the acquired logic circuit description
data, a second netlist that 1s logically integrated with a
second frequency that 1s higher than the first frequency;

arranging logical operation elements and wiring the logical
operation elements based on the first netlist;

outputting a timing report related to execution timing for

cach of a plurality of blocks associated with the logical
operational elements;

extracting any block of the plurality of blocks, based on the

outputted timing report, not satistying a desired opera-
tional speed;

replacing the first netlist with the second netlist for any

extracted block when performing the arranging step for
logical operation elements associated with any extracted
block and wiring associated with any extracted block;
and

outputting another timing report after the arranging for the

extracted blocks 1s performed,

wherein at least one step i1s carried out on a computer

device.

2. The method according to claim 1, wherein each of the
plurality of blocks 1s configured as logical operation elements
and wiring between other logical operation elements inter-
posed between a tlip-tlop circuit to which signals are inputted
and a flip-flop circuit from which signals are outputted.

3. The method according to claim 1 further comprising the
step ol: generating a reference table associated with the first
netlist and the second netlist for each of the plurality of
blocks, the reference table for an extracted block being ref-
erenced as key information to replace the first netlist corre-
sponding to the extracted block with the second netlist corre-
sponding to the extracted block.

4. A device for assisting in the design of a logic circuit
comprising;

description data acquiring means for acquiring logic circuit

description data;

first netlist generating means for generating, based on the

acquired logic circuit description data, a first netlist logi-
cally integrated with a first frequency;

second netlist generating means for generating, based on

the acquired logic circuit description data, a second
netlist logically integrated with a second frequency
higher than the first frequency;

place-and-route means for, based on the first netlist,

arranging logical operation elements and wiring the
logical operation elements;

timing report outputting means for outputting a timing

report related to execution timing for each of a plurality
of blocks associated with the logical operational ele-
ments;

block extracting means for extracting, based on the output-

ted timing report, any block not satisfying a desired
operational speed; and
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netlist replacing means for replacing the first netlist with

the second netlist for any extracted block,

wherein the place-and-route means arrange, based on the

second netlist, logical operation elements associated
with any extracted block and wiring associated with any
extracted block, and

wherein the outputting means outputting output another

timing report after place- and route means perform the
arrangement for the extracted blocks.

5. The device according to claim 4, wherein each of the
plurality of blocks 1s configured as logical operation elements
and wiring between other logical operation elements inter-
posed between a flip-flop circuit to which signals are inputted
and a flip-flop circuit from which signals are outputted.

6. The device according to claim 4 turther comprising: a
reference table generating means for generating a reference
table associated with the first netlist and the second netlist for
cach of the plurality of blocks, the netlist replacing means
referencing the reference table for an extracted block as key
information to replace the first netlist corresponding to the
extracted block with the second netlist corresponding to the
extracted block.

7. An article of manufacture tangibly embodying non-tran-
sitory computer readable instructions, which when executed

on a computer device cause the computer device to carry out
the steps of a method for assisting 1n the design of a logic
circuit, the method comprising the steps of:
acquiring a logic circuit description data;
generating, based on the acquired logic circuit description
data, a first netlist that 1s logically integrated with a first
frequency;
generating, based on the acquired logic circuit description
data, a second netlist that 1s logically integrated with a
second frequency that 1s higher than the first frequency;
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arranging logical operation elements and wiring the logical

operation elements based on the first netlist;

outputting a timing report related to execution timing for

cach of a plurality of blocks associated with the logical
operational elements;

extracting any block of the plurality of blocks, based on the

outputted timing report, not satisfying a desired opera-
tional speed;

replacing the first netlist with the second netlist for any

extracted block when performing the arranging step for
logical operation elements associated with any extracted
block and wiring associated with any extracted block;
and

outputting another timing report after the arranging for the

extracted blocks 1s performed,

wherein at least one step 1s carried out on a computer

device.

8. The article according to claim 7, wherein each of the
plurality of blocks 1s configured as logical operation elements
and wiring between other logical operation elements inter-
posed between a tlip-tlop circuit to which signals are inputted
and a flip-flop circuit from which signals are outputted.

9. The article according to claim 8, wherein the method
further comprises:

generating a reference table associated with the first netlist

and the second netlist for each of the plurality of blocks,
the reference table for an extracted block being refer-
enced as key information to replace the first netlist cor-
responding to the extracted block with the second netlist
corresponding to the extracted block.
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